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Hewtitis E is the most important cause of clinical acute hepatlite among adults tn much of Asia and the second 
most important cause in the Middle East and North Africa. Antibody to hepatitis E virus (HEV) is more preva- 
lent than antibody to hepatitis C virus (HCV) in Industrialized countries, aithoufih clinical hepatitis E Is rare. 
Epidemiologic evidence suggests zoonotic spread of HEV as well as human-to-human spread, usually via v»fater. 
Previous studies have demonstrated the feaslbiilty of passive and active immunoprophylaxB in animal models 
(non-human primates). Based on those studies, hepatitis E vaccines have been developed.The most extensrvely 
tested are expressed from bacutovirus in insect cells.They are highly immunogenic and protect macaques from 
hepatitis I caused by heterologous as well as homologous challenge virus. Based on these studies, lots of hepati- 
tIsE vaccine suitable for clinical evaluation have been prepared.These have passed ail preclinical safety and effi- 
cacy trials. In preliminary studies, the vaccine was safe and immunogenic in humans; it is currently being tested 
tor efficacy in Nepal. 



Why a hepatitis E vaccine ? 

Clinical hepatitis E is rarely diagnosed In industrialized 
countries of Europe or North America. However, it is Uie 
single most important cause of acute cllnlcai hepatitis 
among adults in much of Southeast and Central Asia and 
the second most important cause of such hepatitis In parts 
of the Middle East and North AfHca [V3]. f urwermore. as 
is the case tor hepatitis A, the vast majority of Infections 
(detected by serological means) go undiagnosed, probaWy 
because they are not apparent or are subclinical infections. 
Thus, an estimated 5 billion of the world's 6 billion 
population have been infected with hepatitis A virus (HAV) 
and perhaps 2 billion of the world's population have been 
infected with hepatitis E virus (HEV). Although, again as 
with HAV, none of these HEV Infections progresses to 
chronicity, they do pose a rl^ of serious disease, especially 
during water-borne epidemics and especially to pregnant 
women, In whom hepatitis E may have a mortali^ Of 20%. 
Furihermorei unlike the other hepatitis viruses, HEV 
appears to infect many species of wiW and domesticated 
animals, includirtg rats, mice, swine, sheep and cattle [4]. 
These spMles, often living in dose contaa with man, may 
serve as reservoirs for zoonotic spread from animals to 
humans* although this has not been proven. Finally, hepaUtis 
E is a potential threat to travelers who visit regions where 
the virus is endemic, and most reported cases of hepatitis 
E in industhatlied countries have resulted from such 
infections in travelers who reUjmed home during the 
incubaUon period and became ill shorUy thereafter [5]. For 
these r^sons, an effective and relatively inexpensive 
hepatitis E vaccine vkrould be a useful addition to our 
armamentarium of immunoprophylactic agents. 



Prospects for control 

Again, as Is the case with HAV, improved sanitation is the 
first line of defense in the control of HEV In fact, the 
improved piiilic health resulting from updatlr^ of sewage 
end water systems In industriateed countries In past 
decades has prtAably contributed signlficsntly to the low 
level of endemic spread of HEV and the absence of 
epidemics of disease in these countries vi/hen compared to 
developing countries, In contrast annual vwter-borne 
epidemics, ci^nciding with monsoon seasons or spring 
thaws, occur in some countries, whereas in others, such as 
Egypt, infection ^pears to be highly endemic in the 
absence of defined epidemics 16). It would therefore be 
useful to have immunopTXjphylactic measures, such as 
passWe immunoprophylaxis {Immunoglobulin) and active 
immunoprophylaxis (vaccine) for widespread use in 
endemic countries and targeted use in industrialized 
countries. 

Animal models 

Alttwugh several species of non-primates have been shown 
to be susceptible to HEV infection t^y sero«?jidemiology or 
direct transmission, none of these has been useful for 
vaccine development Instead, non-human primates, 
especially rhesus and cynomolgus monlceys and 
chimpanzees, have been the most useful surrogates of man 
for testing vaccines. 

Passive immunoprophylaxis 

Evidence tiwt prior exposure to HEV. as measured by pre- 
existing aml^HEV. is associated with protection against 
subsequent exposure to the virus has come from 
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epidemiologrc studies of w^on-bome epidemics of HEV hi 
P$^$(an {7^]. (n thsso epidamlcs, which occurred among 
mwnben of the mflftar^i tha dfnical arxacU rate {0$ 
mQa$ured by hospttaiization) among the cohort of 63 
mdMduals who Idclced enti-HEV at ths beglnnirtg of the 
epidemics was 37%. In contrast, not a single one of the 46 
IndMduats who were positive for IgG snti-HEV m the 
beginning of the epidemics we$ hosprtslised. 

That this protection was probabfy cntlbody^noedisted 
comes from other ^idamfoEoglc and leboratofy-bGaal 
studies. Although nono of tha Immunoprophylaids trials of 
normal immune globulin In countries whsre HEV ($ 
endemic has demonstrated ststJstlcelly signific^t 
protection, evon when the globulin was manufBctyred 
within the country somo have provided su^estlve 
evidence. The failure to demonstrate significant protection 
ki such studies is probably the result of the relatively tow 
titers of anti-HEV found In globulin preparations, coupled 
wKh the faa that the Immune globunn was usually 
admln^tered late in the Gpldsmic. Hovtfeven direct 
demonstration of the protective efRcacy of antl^HEV has 
come from studies in which eomaiescent plasma or s^rum 
obtained from naturslly infiected patients or euperlmentsny 
infected non-human primatesi vtfhen Infused Into nelve non- 
human primates, has protected them against hepatitis (but 
not necessarily infection), in control* serum or plasma 
from non-infected humans or non-human primate when 
infused into naive animals, has faited to protect against 
siA»equent challenge with virulent HEV [9,10]. Thus, if an 
tmmunoglobulin preparation with a sufficiently high titer of 
anti-HEV could be prepared, it probably would be 
efficacious in preventing HEV when administered to those 
who fire e^tposed. One potential source of such 'hepatitis E 
immune globulin' might be individuals who have been 
repeatedly vaccinated with hepatitis E once It has 

become available. Attornativoly, recently described 
monoclonal antibodies that can neutralize H£V tn mo may 
be especially useful for this purpose [1 1 1.Thase monoclonal 
entlbodies, which were derived from & combinatorial 
(ibrary obtained from the bone marrow of an 
enperlmsntally Infected chimpanzee, are virtually identical 
to globulins of human origin Jhey should behave in humans 
In a manner identical to human globulins, since human 
globulins h^ a half life in chimpanzees that Is Identical to 
the half life of ajch globulins In humans. 

Among the proteins of HEV, those encoded by open 
reading frame (ORf^ 1 are not the best candidates^ because 
the;y are non-structural and therefore not accessible to 
antibody; a vaccine constructed from 0RF1 protects would 
have to protect through cellular immune mechanisms. 
Furthermore, although at Isast soma of the ORF1 -encoded 
proteins are immunogenic, thane sre no ddta on their 
ability to elicit protection (1 2] . tt is not known v^ether the 
protein encoded by ORF3 is structural or norvstructursl. tt 



Tabtc Y. Hepatitis E virus (HEV) open reading frame (ORF} 2 
sntfgenrc peptides e^pnaised in E. coli (as GST fusion protein) 
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Is immunogenfc however antibody to It is short-riv«d ^ 
relatively genotype-spedrtc (13]. Finally cntlbody to the 
ORF3 protein does not neutralize the virus I14].This leaves 
tha protein encoded ^ ORF2. The 0RF2 protein Is 
believed to be the capsid prateln of the virus. Its ssquertce 
is highly conserved and entibody to It is long-lived end 
cross-re2ctive amonf diverse strains {13], Flnaliy, antibody 
to the 0RF2 protein nautrallzes HEV in wcru and protects 
non-human primates agatnat HEV followtng challenss with 
virulent virus PJlil^.lS}. Thus, the capsid protein, 
encoded by Is the host candidate for vaccine 

devQlopnienL 

Since HEV grows poorly If at all In celt culture, proteins for 
diagnostic use and vaccine development have been 
recombinamly expressed in a variety of ^sterns but 
phndpalfy ftom E$CtW^hia goG as fusion pretetns or &n 
Insect colls f^nom baculovirus vectors. Those ara dspicted in 
Tables 1 and 2, Although the first candidate HEV vaccine 
vtfas expressed in £ oo/C the proteins derived from bacteria 
h£ve beon used pr^icipslly as antlgsns for dts^nostfc 
purposes [16-22]. Interestingly the larg&st end smallest of 
th^ hsve bean superseded by proteins of Intermediate 
size bacauso of superior sensitivity for dstoctlng sntl-HEV 
in ELtSA and Western blot assays [13]. Their increased 
se^tMty appears to result from their abiUty to fold into 
native conHguratior^ that r^vaal conformational epitopes 
or that unmask iineer epitopes [16]. 

SimUBrl)& proteins Gttpressed in ins^ ceils have batan 
useful antigens for detecting anti-HEV but fulhiength 
protelTis have been either insoluble or relatively inse^tsitlve 
for serologic usq [23->31]. However, proteins expressed in 
SLKh systems are usually post-translationatly processed in 
several w/ays. First, at least some of the proteins are larger 
than their amino acid sequence would predict: proteins 
with calculated molecular masses of 50 and 53 kDa were 
actually 53,8 and 56.1 EtDa, respectively, when me^isMr^ by 
mass spectroscopy [26]. It 1$ not ciear whether this is the 
result of giycosylatioa myrlstylation or some other fOrm of 
protein modificdtion [32,33]. Two sites for N-lintod 
glycosyfation end seven sites for rnyrisl^ation are present 
in these proteins [26]. Second, proteiruises that are 
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TaWt 2. Hepatitis £ virus (HEV) open reading tiame (ORFI 2 
pntigcnic peptides ejcpresscd in insect cells [ftom Iwculovirus 
vector) ^ 

Amino ^ds 
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HEV (grigln) tS>a CmoJ* mass) 
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VIP 




Burma 
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63 
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27-29 


Burma 


62 (56 549] 
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636 


±* 






SS (56 144) 
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26 


PalciStdn 


53 (53 872) 


112 


578 




30.31 


Surma 


50 


112 
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t Assembles into virus-like particles 



probably encoded by the bBcukivinis vector cleave tits 
ORF2 protein betwween amino Erids 111 ef>d lU thereby 
removing the hydrophobic signal saquenc© cnfl renderirrg 
the protein mot^ soluble [29,34]. Third, proteinases 
5ucces3ivoly truncate the protein from the cerbony end, 
yielding a series of proteins of dirferent ^ses end with 
different characteristics. For ajtample. proteins of 
approJtlmately 65 kDa and larger are retalriBd within the 
insect cell and, following cell ^te, they ten be purified to a 
high d^ree of homogsnalty ea monomers [26,28,29]. In 
contrest* some proteins of epproKimately 53 kDa and 
smaller ar« secreted from insect cells and f&rm virus-fiUe 
particles (ViJ»5) that are smallar than the Intact virion of 
HEV [26,301JhBVLPs derived from 50 kDa 0RF2 proteins 
have been shown to be highly ordered icosahedrons with 
two-, oiree- anfl five-foid symmetry [311. Indeed, VLPs have 
bean reported m preparations of the larger proteins, out 
these are either formed inefficiently or ere the products of 
smaner fonns of the protein that eKist in the preparations 
as minor populations [25,35], However, the larger and 
smaller proteins differ in another Important rospect: those 
prote^ described in Table 2 that are 55 tcDa or larger 
contain an important neutralization opltope lt«t eulsts 
approximately between amino acids 575 and 610 [11,36], 
To date, this is the only bor« fide neutralization $16© that 
has been idemined. 

Tvtfo of the recombinant proteins, a 62 kDa protein 
developed by McAtee et at [28,29] at Gene Labs lnc„ and 
a S5 UDt prot«in developed t^Tsai^ et dl [25,26] in the 
Hepatitis Viruses Section of the Wational Institute of 
Allergy and Infectious Diseases, have been studied more or 
less extensively in non-human primates as candidate 
vaccines [W5]. Both efficiently protected cynomolgus or 
rhesus monheys from hepatitis E foUowing chaHenge with 
virulent HEV. Partly because of its stahlitty when formulated 
as a vaccine, the 55 hDa protein was chosen for further 
clinicdt development 

The HEV 0RF2 gene from the Sar-SS {Pakistan) strain of 
HEV was truncated to encode amino acids 112 through 
660 and inserted into a beculovirus vector by standard 



methods. Insect cells (Sf-9) were infected with the 
fwombinam baculovlrus and the recombinant ORF2 
protein wes expressed in Utr^ quantities, it underwent 
further proteolytic truncation imrBceUulaHy by cleavage 
between amino acids 607 end 606. This doubly-truncated 
protain, with a molsculsr mass of 56 144, was highly 
punned and adjuventod with alum. The camfidate vaccine 
was administered intramuscularly to serxmegstive rhesus 
montc^ vsmn were then chaltertged intrsvenousty with 
virulent HEV 

The vscclne was highly Immunogenic; formulations of 50, 
10. 2 and 0.4 MS ail resulted cn 100% seroconversion 
following a single dose of vaccine [37]. Following a second 
dose of v&cclna, the geometric m^n titers of anti-HEV 
were >1:1C00 &td an of the veccin«ted animals were 
protected £^ln$t hepatitis £ (but not necessrily infection) 
following Intravenous challenge with 10^ to W monkey 
50% infectious do$es ((WIO»). Failure to protect egalnst 
tnftetion mcy hm been the result of using such a massiva 
Challenge dose, o necessity to essure that all of the control 
enimafs devoiopad hepatms, since low doses of chailer^ 
virus result in Infection but not necessarily hepatitis [38], in 
similar studies, the vaccine protected against not only 
challenge with the homologous (SAR-55) virus but also 
challenge with a heterologous Mexican (MEX-14) strain of 
HEV [37]. When chaHenge was delayed for 6 or 12 months 
following completion of vaccination, protection was also 
achieved, although one of four mon&ays, vtfhtch had iost 
detectable snti-HEV by the time of chrflenga, was not 
protected (Purcell et ai, unpublished data; [39]). Finally, 
attwnpts to demonstrate post-eiqjosure vaccinatioa by 
chellengir^ intravenously with HEV and then initiating 
vaccination within 48 h, was unsuccessful, perhaps because 
of the large challenge dose of virus [37]. 

Based upon these vaccination studies, SmithKline 
Beecham Biologlcals (now Giaito SmithKline: GSK). 
Rixensart. Belgium, ^lonsored the preparation of hepatitis 
E vaccine suitable for clinical evaluation. This was 
manufectured by DynCorp (now Novsvax), Rpctorilte, Md^ 
USA, Following tests of safety and puritsr by GSK. the 
clinical lot was evaluated In rtiesus monkeys for 
Immunogaiicity ©id emcacy. Three vaccination regimens 
(two doses of1 Jig, two doses of 10 wone dose of 10 Mg) 
wer^ compared with a ptecebo (the GSK Mfivrix hepatitis 
A vBcclne; Table 3). All three vaccinetion r^imens were 
immunogenic, but two doses of vaccine were necessary for 
peak titers. One |Ag of vaccine was ss immunogenic as 10 
IJig, Geometric fnoao titers of appro«lmateiy T*8000 were 
achieyed following two do^ ol vaccine, regardless of 
formulation. In conw^ a single 10 dose prwJuced anti- 
HEV titers only spprowimately one-5i«th as high. 

Vaccinated and control monkeys were challenged with 
10" tyilO» of the homologous virus (SAR-55) or one of 
two heierdegous viruses; a Wleiton stron (WlEX-14) or a 
US strain (US-2}, Preliminary virologic evaluation revealed 
complete protection against vircmia In most vaccinated 
animals and markedly diminished viremla In the reriialflder 
when compared to unvaccinated animals (Ponceli et a', 
unpublished data). Thus, the candidate vaccme was highly 
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Table 3. Protection of macaque against hepatitis E by active 
immunopfophyiaws 



c«5-ch3ltettss Rwt-^halteiiae: ratbn of 

antt-HEV OM j^tjpsz ALT fblloi^Hns 

ApprqiriiTOte tiiaHgngg nltti HEV 





QMT 


WHOiintts*' 


Paftbtan 




USA 


2x1 mg 


29 000 


483 


1.3 


w 


1.3 


^10 mg 


20 000 


^3 


l.t 


1,1 


1.1 


1x10 mg 


3600 


GO 


1,4 


1.5 


ZO 


Havrix 




0 


e-3 


&0 


3-2 



■WHO standard (conva)esc€nl aerum): 100 unltSr 

OiallcngedoseMO^MlDi^iv 

HEV, fttpatitis E virus; ALT, alanine aminotransfcrgse. 



Immunogenic and sfficEcious In rhesus monlc^ md 
thoratore suitable (br clinical ovaluation fn humans. 

Two dosBS o? vEcdne (1 or 10 ^ig) ware necessary tor 
complete protection agaAnst nepatJtts E following challonga 
of the vaccinated monKeys, In contrast a alngla dose of 10 
^9 of vacctn9 afforded only pgrtldl pratectJon whon peek 
liver enzyme values wore compared with the placebo^ 
v^clnated monkey tollowlng challenge [Table 3). 

Clinical evaluation of candidate HEV vaccine was descgnQd 
artd performed by tha staff of the Walter f^eed Army 
Institute of Research (WRAIR). I^sa I safety trials were 
performed In 88 healthy adult volunteers in tha USA.Three 
doses (at 0, 1 and G months] of tour tormulations (1, 5, 20 
and ^0 ^g) were compared [40]. All tormutattons were well 
tolerated artd immunogenic, ©specialty following the third 
dose of vaccine. Formulations of 5 and 20 fig were sotectsd 
for further development. 

The second phase of safety and Immunogsflld^ trials 
was carried out in N^i, where hepotltte E Is highly 
endemic and occurs « weten-bome epidemics following 
flooding caused by the annual monsoons. In these studies 
44 healthy adult seronegative volunteers were immunised 
with 5 or 20 Jig of vaccine at intervals of 0, 1 and B months. 
Again, the vaccines ware well tolerated and immunogenic, 
causing seroconvar^on in 100% of vaccinated indtvldudls 
following the tWrd dose of either formutetlo« [411 

Based upon thsse encouraging results, a preliminary 
combined Immunogenlclty and effKacy trial has teen 
Initiated in Mepal by WRAIR. The veccine wHI be 
administered in formulations of 5 and 20 ^ifl end the results 
compared with a placebo control vgccine«The vscdnes end 
placebo will be administered on a schedule of 0, 1 and 12 
months and vaccinees wit* be followed for 2 yeaf3.This will 
permit evaluation of two doses of vaccine during the first 
year of observauon and evaluation of three doses during 
the second year. 

too 
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A number of questions rem£}n to be an»frar^ about the 
immunoprapi^laKis of hepatitis E. As regards passSve 
immunopropl^lattis, antibody to the capsid protein of HEV 
is cross-reactivd among different ^WQrpes of the virus Out 
it Is not clear whether antibody-mediated protection is 
quantltath^y the same with alt genotypes, in particuldr. if 
monoclonal antibodies ^ire used for passive 
lmmunopn>phyla»ls. it must be demonstrated that thay are 
sufficiently cross-reactive to be offteccious where major 
genotypes ovaflap geographically. 

As rsgards active ^munoprophyfa^tis, ^'body sgainst 
the capsfd protein is (ong-laatlr^ but the duration of 
antibody-mediated protection sgatnst hepatitis E remains 
to be detormlned'There is limited evidence suggest^ that 
the dstectlon of antibody to the HEV capsid protein 
correlates with protection but th&t 3$ such antibody falls 
below detectabte teveis* protection egsinst clfnical hepatitis 
may diminish. Howler, rhesus monkeys that were 
recheiiaiged with HEV up to 5 yaars after primary 
challenge with a heterologous strain wore still immune to 
hepatitis E and, based on dec^ curves of the monEseys' antl- 
HEV titers, protection was estfmmod to fast over 20 years 
[42], Finalf^ the entire spectrum of genotypes of HEV has 
probably not yet been Identifted* and strains that are more 
dtvergent mi^t emer^. Weverenefiess, curront toiowledge 
about hepatitis E supports the view that the experimental 
vaccine currentfy under evaluation is a promising candidate 
tor the control of hepatitis E. 
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